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(57) Abstract 

A semiconductor die attach system (10) adapted for attaching a semiconductor die (12) to a substrate (14). A metallic 
buffer component (16) is disposed between the substrate and the semiconductor die to withstand stresses created from ther- 
mal cycling of the substrate and the die. The metallic buffer component is sealed to the substrate with a layer of solder (18). 
The layer of solder is provided to dissipate stresses created by thermal cycling of the substrate and the die. The die is sealed 
to the buffer with a silver-glass adhesive (19). 
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SEMICONDOCTOR DIE ATTACH SYSTEM 
While the invention is subject to a wide 
range of applications, it is particularly suited 
for semiconductor die attachment adapted for 
5 hermetically sealed packages and will be 

particularly described in that connection. More 
specif ically, a metallic buffer component is 
disposed between and bonded with a solder and a 
silver-glass to a substrate and a semiconductor 
20 die, respectively, to dissipate thermal or 

mechanical stresses caused by thermal exposure* 
In another embodiment, a solder bonds the die to a 
substrate. 

Semiconductor dies are typically attached to 

15 hermetically sealed packages with a bonding 
composition of various metals. These bonding 
compositions usually melt at a relatively 
high temperature in order to withstand 
the processing temperatures required to 

20 hermetically seal a package, i.e. above 400 °C. 
Typical bonding materials and techniques are 
disclosed in articles entitled "Die Bonding & 
Packaging Sealing Materials", by Singer in 
Semiconductor International , December 1983; "A 

25 New Metal System for Die Attachment" by Winder et 
al. in Proc. Tech. Program - Annu. Int. , Electron. 
Packag. Conf. 2ND, 1982, pages 715-727; and "A 
Critical Review of VLSI Die-Attachment In High 
Reliability Application", by Shukla et al. in 

30 Solid State Technology, July 1985. Also U.S. 

Patent No. 3,593,412 discloses a unique attachment 
system. 

In a typical assembly operation, a 
semiconductor die or integrated circuit is placed 
35 in a cavity of a base member containing the 

bonding composition. The base is then heated to 
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melt the bonding composition and attach the die 
within the cavity of the base. Subsequently, the 
cavity is covered with a lid and heated to seal 
the lid to the base and form an hermetic enclosure * 
for the die. Lid sealing temperatures are \ 
typically about 400*C to about 450°C. Examples of v 
this type of process are disclosed in U.S. Patent 
Nos. 4,229,758 and 4,487,638. 

When the base and lids of the hermetically 
sealed, semiconductor packages are formed of metal, 
such as selected copper alloys, the semiconductor 
die, typically silicon, is directly attached to 
the metallic substrate* Unlike the low degree of 
mismatch between coefficients of thermal expansion 
!5 (CTE) of the components and the die, which is 

common to the conventional ceramic packages, there 
is a. very large mismatch betwen the coefficients 
of thermal expansion of the silicon and the 
metallic substrates, i.e. from about 10.0 Um/m/°C 
20 (100 x 10 -7 in/in/°C> to about 13.0 Um/m/°C (130 x 
10 in/in/°C). By contrast, the mismatch between 
the coefficients of thermal expansion of alumina 
and silicon is only about 1.5 Pra/m/°C 
(15 x 1(T 7 in/in/°C). 
2 5 The mismatch in the CTE results in the 

formation of large strains and resulting thermal 
stresses during thermal cycling. For example, 
when a silicon die is attached to a metal 
substrate with a conventional gold-2% silicon 
sealing metal, it is processed at a temperature of 
about 400°C. After the die is attached to the 
substrate, they are cooled down to room 
temperature. Very often, thermal stress is 
generated during this cool down cycle by the large 
mismatch in the CTE of the die and substrate. The 
stress and strain may cause the die to either 
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crack or separate at the interface from the 
substrate. 

U.S. Patent No. 2 , 971 , 251 to Willemse 
discloses a semiconductor device soldered to a 
carrier or supporting plate having a matched 
coefficient of thermal expansion with that of the 
semiconductor device. The plate may be soldered 
to a copper cooling plate having a coefficient of 
thermal expansion which is significantly different 
from that of the plate and semiconductor device. 
The solder is silver/ although if the bottom side 
of the carrier plate is gold plated /different 
soldering agents may be employed. The carrier 
plate also has a thin layer of gold on its top 
surface to enhance the adhesion to a tin solder 
which is bonded between the carrier plate and the 
silicon chip. One embodiment of the present 
invention differs from the patent in that it 
discloses bonding a chip to a substrate with an 
intermediate buffer to compensate for the mismatch 
of coefficient of thermal expansion between the 
die and the substrate. The invention includes 
specifying the specific bonding materials used 
between the die and the buffer as well as between 
the buffer and the substrate. Further , barrier 
layers and oxidation resistant layers are disposed 
on the various components to enhance the bond 
strength and prevent the disbonding of the chip 
from factors such as oxidation, nonbonding 
impurities on the surfaces, formation of brittle 
intermetallic phases, solder fatigue, creep 
rupture and extensive voiding under the die. 

The use of tin containing solders to bond a 
buffer to a substrate and a die is known. Tin 
containing solders perform adequately, however, 
intermetallic compounds may form in the presence 
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of gold and reduce the thermal cycling capability 
or lower the cohesion of the die with the base^ 

It is a problem underlying the present 
invention to provide a semiconductor die 
attachment system for attaching a semiconductor 
die to a substrate which is able to withstand the 
stresses resulting from thermal cycling of the 
substrate having an attached die. 

It is an advantage of the present invention 
to provide a semiconductor die attach system and 
process of attaching the system which obviates one 
or more of the limitations and disadvantages of 
the described prior arrangements. 

It is a further advantage of the present 
invention to provide a semiconductor die attach 
system and process of attaching the system which 
is able to dissipate thermal stresses formed 
between a semiconductor die and a substrate. 

It is a yet further advantage of the present 
invention to provide a semiconductor die attach 
system and process of attaching the system wherein 
a layer of solder disposed between a semiconductor 
die and a substrate provides a stress relaxation 
path to dissipate thermal stresses. 

It is still another advantage of the present 
invention to provide a semiconductor die atttach 
system and process of attaching the system 
including a buffer component being bonded to a 
substrate with a solder and to a die with a 
sealing glass. 

Accordingly , there has been provided a 
semiconductor die attach system and process of 
attaching the system adapted for attaching a 
semiconductor die to a substrate having a 
relatively high CTE. A metallic buffer component 
is disposed between the substrate and the 
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semiconductor die to withstand stresses created by 
thermal cycling of the substrate and the die* The 
metallic buffer component is preferably sealed to 
the substrate with a layer of solder. The layer 
of solder is provided to dissipate stresses 
created by thermal cycling of the substrate and 
the die. Oxidation resistant layers and barrier 
layers may be disposed on the surfaces of the 
substrate and the buffer to enhance the bonding 
strength. The buffer component is bonded to the 
die with a silver-glass adhesive. In a second 
embodiment, the buffer has a coating of solder. 
In a third embodiment/ the solder is used without 
a buffer to attach the die to the substrate. 

The invention and further developments of the 
invention are now elucidated by means of the 
preferred embodiments in the drawings. 

IN THE DRAWINGS 
Figure 1 illustrates a semiconductor die 
attach system including a buffer layer bonded to a 
substrate with a layer of solder and to a 
semiconductor die with a silver-glass adhesive in 
accordance with the present invention. 

Figure 2 illustrates a semiconductor die 
attach system incorporating barrier layers and 
oxidation resistant layers on the die, buffer 
layer and the substrate. 

Figure 3 illustrates a glass-sealed, 
semiconductor package incorporating a die attach 
system in accordance with the present invention. 

Figure 4 illustrates a second embodiment of a 
semiconductor die attach system incorporating a 
buffer layer coated with a layer of solder. 

Figure 5 illustrates a third embodiment of a 
semiconductor die attach system using a solder to 
bond the die to a substrate. 
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A semiconductor die attach system 10 for 
attaching a semiconductor die 12 to a high 
conductivity substrate 14 is illustrated in 
Figure 1. A buffer component 16 is disposed 
between and bonded to the substrate 14 and the die 
12 for withstanding thermal stress generated from 
thermal cycling of the substrate and the die* A 
layer of solder 18 , preferably selected from the 
group consisting of gold-silicon, gold-tin, 
copper-indium, silver-tin, silver-antimony-tin, 
lead-indium-tin, lead-indium-silver-tin, 
lead-indium-silver, and mixtures thereof, bonds 
the buffer component to the substrate 14 for 
dissipating thermal stress generated from thermal 
cycling of the substrate 14 and the die 12. A 
silver-glass adhesive 19 bonds the buffer 
component 16 to the semiconductor die 12. 

The present invention is primarily directed 
to forming a semiconductor package wherein the 
substrate or base is formed of a material having a 
relatively high coefficient of thermal expansion 
(CTEJ , i.e. above about 16.0 Um/m/°C (160 x 10" 7 
in/in/°C). The semiconductor die to be attached 
to the substrate typically has a much lower 
2 5 coefficient of thermal expansion of about 5*0 

ym/m/°C (50 x 10~ 7 in/in/'O) . It is known that 
the semiconductor die may be attached to the 
substrate with a sealing or bonding material 
selected from the group consisting of 
gold-silicon, silver-tin, copper-indium, gold-tin, 
silver-antimony-tin and mixtures thereof. 
Moreover, these materials may be used to bond a 
buffer component to bath a die and a substrate. 
The solder has certain limitations .in bonding to a 
35 die relating to the metallurgy. The solder can 
bond to a die having a silver plating. However, 
many dies do not have silver plated backs. The 



20 



30 



solder can also be bonded to gold plated backs, if 
the gold plating is thick enough. Finally/ the 
solder cannot form an adequate bond to a bare 
backed die. 

The present invention is directed to 
disposing a metallic or non-metallic buffer 
component 16 between substrate 14 with a high CTE 
and a semiconductor die 12 with a relatively low 
CTE. The buffer 16 can be bonded to the substrate 
14 with a solder 18 and to the die with a 
silver-glass adhesive 19. The solder 18 is 
provided to dissipate the thermal stresses caused 
by the strains generated by exposure of the die 12 
and substrate 14 to thermal cycling. This may 
occur during the fabrication of a semiconductor 
package, as seen in Figure 3, when the die 12 and 
the substrate 14 arq cooled down to room 
temperature. 

The buffer 16 is preferably formed of a thin 
strip of material capable of withstanding these 
stresses from thermal cycling. The buffer 
component 16 preferably has a coefficient of 
thermal expansion which is more closely matched to 
the die 12 than to the substrate 14. As the die 
attach system 15 begins to cool down, the strains 
caused by the mismatch in coefficients of thermal 
expansion occurs between the buffer 16 and the 
substrate 14 instead of between the buffer 16 and 
the die 12 whose coefficients of thermal expansion 
are more closely matched. One advantage of 
locating the larger differential in the 
coefficients of thermal expansion between the 
buffer 16 and the substrate 14 is that both the 
buffer 16 and the substrate 14 may be formed of a 
metallic material which is typically ductile and 
better able to withstand stresses and deformation. 



Still, it is important to reduce stresses and 
deformation between the buffer 16 and the die 12 
because the semiconductor material, of which the 
die is. formed, is usually very brittle and unable 
to withstand any significant deformation. In 
fact, any stresses between the brittle 
semiconductor material and the buffer 16 are 
likely to cause cracking of the semiconductor 
material or separation at the die-substrate 
interface. 

Referring again to Figure 1, a buffer 
component 16 is preferably selected from a 
cantrolled-expansion alloy having a thickness of 
from about .025 mm to about .51 mm (from about 1 
to about 20 mils). Preferably, the thickness of 
the buffer 16 is from about .051 mm to about 
.20 mm (from about 2 to about 8 mils). It is 
advantageous for the buffer 16 to be relatively 
thin so as to reduce the thermal resistance 
between the semiconductor device 12 and the 
substrate 14. At the same time, the buffer 
component 16 is stiff, i.e. does not deflect, to 
prevent deformation during thermal cycling. 
Although, the buffer component 16 may deform to 
compensate for the strains generated during the 
cool down period after die attachment or package 
fabrication, this deformation is thought to be 
slight and does not significantly effect the 
operation of the semiconductor device as long as 
it neither cracks nor separates at its interface 
with the buffer component. 

The buffer component 16 also has a 
coefficient of thermal expansion from about 
3.5 um/m/°C to about 10.0 pm/m/^C (35 x 10~ 7 
in/in/°C to about 100 x 10~ 7 in/in/°C). 
Preferably, the buffer component 16 has a CTE of 
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about 4.0 ym/m/°C to about 8.0 ym/ra/°C (40 x 10~ 7 
in/in/°C to about 80 x 10~ 7 in/in/°C) . In 
general, it is desirable that the coefficient of 
thermal expansion of the buffer component 16 be 
5 compatible and relatively close to the CTE of the 
semiconductor die 12. The buffer component 16 may 
be constructed of a material having a relatively 
low CTE selected from the group consisting of 
tungsten, rhenium, molybdenum and alloys thereof/ 
10 and nickel-iron alloys, cermets and ceramics. 

Several examples of particular nickel-iron alloys 
include 42 Ni-58 Fe, 64 Fe-36 Ni and 54 Fe-28Ni-18 
Co. It is also within the terms of the present 
invention to form the buffer component 16 of any 
15 metal, alloy, ceramic or cermet which is able to 
meet the requirement for a suitable coefficient of 
thermal expansion as set out hereinbefore. 

The die attach system 17 illustrated in 
Figure 2 is similar to that shown in Figure 1 but 
20 includes oxidation resistant layers, barrier 

layers and intermediate layers. First and second 
oxidation resistant layers 20 and 22 may be 
disposed on opposite surfaces of buffer component 
16' to enhance the strength of the seal with the 
2 5 silver-glass adhesive 19* and the layer of solder 
18'. To prevent oxidation of the buffer component 
16', it may be desirable to provide first and 
second barrier layers 26 and 24 on surfaces 30 and 
28, respectively, of the buffer component 16'. 
30 Throughout the specif ication, primed , double and 
triple primed reference numerals indicate 
components which are substantially the same as the 
components identified by the same unprimed 
reference numerals. 
35 The first and second barrier layers 26 and 24 

are typically formed of a material from the group 
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consisting of nickel, cobalt and alloys thereof* 
However, it is also within the terms of present 
invention to form the first and second barrier 
layers 26 and 24 of any suitable metal or alloy 
5 which prevents interd if fusion between the buffer v 
component 16 T and the first and second oxidation 
resistant layers 20 and 22 as will later be 
described herein. The first and second barrier 
layers 26 and 24 also enhance the bonding of the 
^ first and second, oxidation resistant layers 20 and 
22, described herein,. to the buffer component 16'. 
The first and second barrier layers 26 and 24 are 
applied by any conventional means such as 
electroplating to thickness of about 1 to about 10 
15 microns. Preferably/ the thickness of the barrier 
layers are from about 1.2 to about 5 microns- 
Oxidation resistant layers 20 and 22 are 
preferably formed on the barrier layers 26 and 24, 
respectively. The oxidation resistant layers are 
20 typically formed of a material selected from the 
group consisting of gold, silver, palladium, 
platinum and alloys thereof. These metals are 
particularly selected for their ability to resist 
oxidation at the high sealing temperatures to 
25 which they will be subjected. Typically they are 
plated onto the first and second barrier layers 26 
and 24 at a thickness of about! to about 10 
microns. Preferably, the thickness of the 
oxidation resistant layers 20 and 22 is from about 
30 1.2 to about 5 microns. It is also within the 

scope of the present invention to plate oxidation 
resistant layers 20 and 22 directly onto the 
buffer component 16* without an intermediate 
barrier layer. 
35 First and second intermediate layers 25 and 

27 may be disposed between the first and second 
oxidation resistant layers 20 and 22 and the first 
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and second barrier layers 26 and 24 , respectively. 
The intermediate layers 25 and 27 are preferably 
formed of a gold flashing for preventing diffusion 
of oxygen through the oxidation resistant layers 
into the barrier layers at elevated temperatures. 
Oxygen diffusion may form oxides of the barrier 
layer material which reduces adhesion of the 
barrier and oxidation resistant layers. The gold 
flashing is preferably from about .1 to about .2 
microns in thickness. 

The substrate 14* may be formed of a high 
coefficient of thermal expansion material selected 
from the group consisting of metals, alloys, 
ceramics and cermets. The substrate material has 
^ a coefficient of thermal expansion of more than 

about 14.0 ym/m/°C (to about 140 x 10~ 7 in/in/°C) 
and preferably more than about 16.0ym/m/°C (about 
160 x 10" 7 in/in/°C). As with the buffer 
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component 16', it may be desirable to form a third 
barrier layer 32 on the surface 34 of the 
substrate 14'.. Further, a third oxidation 
resistant layer 36 may be formed on the barrier 
layer 32. If appropriate, a third intermediate 
layer 35 may be disposed between the barrier layer 
32 and the oxidation resistant layer 36. The 
third intermediate layer may be a gold flash which 
serves the same function as the first and second 
intermediate layers 25 and 27. 

The solder ltT^disposed between the 
substrate 14' a'nd the buffer 16', is relatively 
soft and deforms at a relatively low stress to 
accommodate the stress and strain generated by the 
mismatch in coefficients of thermal expansion of 
the buffer 16* and the substrate 14'. The solder 
35 18* also distances the buffer 16 1 and the die 12' 
from the high coefficient of thermal expansion 
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substrate 14 1 so as to decrease the effect of the 
mismatch in coefficient of thermal expansion 
between the die 12' and the substrate 14 r . The 
solder 18* is preferably selected from. the group 
consisting of gold-silicon, gold-tin r silver-tin, 
s il ver-ant imony-t in , lead -Ind ium-s i lver- tin r 
copper- indium, lead- indium- tin, lead-indium-silver 
and mixtures thereof* The solder 18 f is 
preferably the lead-indium-silver solder 
constituted of from about 15 to about 95 wt. % 
. lead, from about 1 to about 80 wt. % indium and 
the remainder essentially silver. Preferentially, 
the lead-indium-silver solder comprises from about 
85 to about 94 wt. % lead, from about 1 to about 5 
^ vt» % indium and the remainder essentially silver. 
The solder 18 1 and in particular the 
lead- indium-silver solders have a low flow stress 
i.e. are "soft". For example, a 

92. 86Pb-4.76In-2.38Ag solder has a flow stress of 
about 31.4 MPa (about 4560 pounds per square inch 
(psi)). This compares with a gold-2% silicon 
solder having a flow stress of about 300 MPa 
(about 43,500 psi). With a lower flow stress, the 
solder is more pliable and more able to absorb the 
stresses generated by the mismatch in coefficients 
of thermal expansion between the die 12 1 and the 
substrate 14'. Another solder which may be used 
has a composition of 92. 5Pb-5In-2. 58Ag. The 
solders containing tin have been found more 
effective in environments which do not have any 
gold. 

A silver-glass adhesive 19 1 seals the 
semiconductor die" 12 ■"•■to the buffer 16'. A 
suitable silver-glass adhesive 1£' may be one of 
the Amicon series of silver-glass conductor 
materials manufactured by Amicon-A Grace Company. 
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Another operable appropriate silver-glass adhesive 
is one of the silver-glass conductor materials 
manufactured by Johnson Matthey, Inc. The 
silver-glass adhesives 19' contain a binder f a 
5 glass, silver particles, and a solvent. To apply 
adhesives 19', they are first spread, as a paste, 
on the surface of the buffer 16'. The die 12* is 
then placed on the glass covered buffer surface. 
Then, the system is heated to a curing temperature 
lfl i.e. about 140 °C to drive off the volatiles and 
coalesce the silver-glass adhesive 19* to adhere 
to the buffer 16' and the die 12*. A weak or 
tenuous bond is formed at this stage. The glass 
is next fired at a temperature, i.e. about 420 °C 
15 and for an appropriate time so as to provide glass 
melting, flow, wetting and formation of a 100% 
inorganic, silver-glass bond between the die 12* 
and the buffer 16*. The specific time and 
temperature for the firing is dependent upon the 
20 size of the die and the particular silver-glass 
system used. 

The semiconductor die 12' is typically formed 
of a material selected from the group consisting 
of silicon, gallium arsenide, silicon carbide and 
25 combinations thereof. The silver-glass adhesive 
19 1 has been found to form a superior bond with 
bare-back dies because of the presence of a thick 
oxide layer. However, in many instances, dies are 
manufactured with an oxidation resistant layer 38, 
30 selected from the materials used to form the 
oxidation resistant layers, 26 and 28 on the 
buffer component 16*. In addition, a barrier 
layer 40 may be disposed between the semiconductor 
die 12 1 and the oxidation resistant layer 38 as 
35 appropriate. The silver-glass adhesive 19* has 
been found to effectively bond to oxidation 
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resistant layers, such as gold or silver. It is, 
however , within the terms of the present 
invention, to use die 12 r with or without an 
oxidation layer 38 and with or without a barrier 
5 layer 40 . 

To further understand the present invention , 
an explanation of the process by which the 
semiconductor die 12 is attached to the buffer 
component 16 and substrate 1.4 is provided herein 
10 with reference to Figures 1 and 3. A solder r 
preform 18, preferably a lead-indium-silver 
solder, is disposed in a cavity 42 of a substrate 
14. Then, a buffer 16 is stacked on top of the 
solder preform 18. The substrate 14 may then be 
15 placed on a hot stage and heated to a. temperature 
of at least, about the melting point of the solder 
or to about 100°C in excess thereof. This heating 
is preferably done in an inert atmosphere of 
gases, such as, for example, nitrogen, argon, 

20 forming gas, nitrogen-4% hydrogen and neon to 
protect against oxidation. The buffer 16 is 
preferably scrubbed against the molten solder 18 
so as to level the solder, break any oxide films 
and improve the intimate contact between the 

25 buffer 16, the solder 18 and the substrate 14. 

The assembly of the substrate 14, solder 18 and 
buffer 16 is then allowed to cool to room 
temperature. A layer of silver-glass adhesive 19 
is next disposed on a surface of the buffer 16. 

30 Then, a die 12 is stacked on the silver-glass 

adhesive. The substrate 14, buffer 16, die 12 and 
the adhesive 19 are next heated to a temperature 
so as to volatilize the solvents and binders of 
the adhesive and drive them off. At the same 

35 time, the glass coalesces to form a weak or 

tenuous bond between the die 12 and the buffer 16. 
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Finally, the entire assembly 15 including the 
substrate 14 and the die 12 may be fired at a 
temperature necessary for glass melting, flow, 
wetting and formation of a silver-glass inorganic 
5 bond between the die 12 and the buffer 16. 

Although the process of constructing 
, semiconductor package 56 has been described in 
reference to the die attach system 15, as shown in 
Figure 1, it is also within the terms of the 
10 present invention to substitute the die attach 
system 17, in Figure 3, for the system 15. 
Moreover, in applying the die attach system 17, 
any of the oxidation resistant layers, 
intermediate layers or barrier layers may be used 
15 as appropriate. 

At this stage, the semiconductor package 56 
can be completed. First, a preform of sealing 
glass, such as one selected from the group 
consisting essentially of lead-borate, 
20 lead-zinc-borate, lead-borosilicate and 

lead-zinc^borosilicate mixed with a particulate 
additive may be disposed on the substrate 14. 
Then, a leadframe 46 is placed on the glass 44. 
The substrate 14, glass 44 and leadframe 46 are 
25 heated to a temperature so as to melt glass 44 and 
cause the leadframe 46 to sink into the glass. If 
desired, the firing of the glass adhesive 19 can 
be incorporated with this step. After cool down, 
the die 12 is electrically connected to the ends 
30 of the leadframe 46 by any conventional technique, 
such as wire bonding with wires 48. A preform of 
glass 50, which may be the same as glass 44, may 
then be disposed on the surface 52 of the 
leadframe 46. A cap or lid 54 is then stacked on 
35 the glass 50 and the resulting semiconductor 

package 56 is heated so as to melt glass 50 and 
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hermetically seal the dies 12 within the enclosure 
58 of the semiconductor package 56. 

Although the invention preferably includes a 
solder compon ent 18 be tween the substrate 14 and 
the buffer 16, it is also within the terms of the 
present invention to eliminate the solder 
component 18 and spot weld the buffer component 16 
directly to the substrate 14. This may be 
accomplished by applying heat and pressure for the 
necessary time to achieve a degree of melting 
sufficient to attain solid state diffusion to bond 
the buffer component 16 directly to the substrate 
14. This may further be accomplished without 
oxidation resistant or barrier layers between the 
x 5 buffer component and the substrate. An embodiment 
of this scope would be similar to that 
illustrated in Figure 1 but without the solder 
layer 18* 

In a further embodiments as illustrated in 
Figure 4, a semiconductor die attach system 60 
differs from the semiconductor die attach system 
17 illustrated in Figure 2 in the construction of 
the buffer 16*. • The buffer 16 n may be coated with 
solder 18 n , preferably the lead-indium-silver 
2 5 solder by any conventional technique such as hot 
dipping. Since the dipping process may 
immediately follow the cleaning of the buffer, 
both the oxidation resistant layers and the 
barrier layer can be eliminated. The buffer 16" 
can be directly bonded to the substrate 14". As 
disclosed hereinbefore, the substrate 14 ff may, if 
appropriate, include a third barrier layer 32", a 
third intermediate layer 35 n and a third oxidation 
resistant layer 36". The solder coating 18 n also 
bonds to the silver-glass adhesive 19 The 
bonding strength is thought to be increased when 
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both the silver-glass adhesive 19* and the solder 
coating 18" contain a silver constituent. 

The process of attaching the semiconductor 
die 12" to a substrate 14" , as illustrated in 
5 Figure 4, may include the following sequence of 
steps. First, the substrate 16" having a solder 
coating 18 preferably lead-indium-silver , is 
disposed on a substrate 14" which may have a third 
barrier layer 32", a third intermediate layer 35" 
10 and a oxidation resistant layer 36". Any or all 
of the layers on the substrate 14" may be deleted 
as appropriate. The stacked substrate 14" and 
buffer 16" may be heated on a hot stage to a 
temperature wherein the solder melts so that upon 
1-5 cooling to room temperature, it bonds the buffer 
16" onto the surface of the substrate 14". Then, 
a layer of silver-glass adhesive 19", in paste 
form, may be spread on the surface of the buffer 
16". The die 12", which may be provided with an 
20 oxidation resistant layer 38" and a barrier layer 
40", if appropriate, is then stacked on the glass 
adhesive 19" • The assembly is then heated to a 
temperature required to drive off the volatiles 
and coalesce the silver-glass adhesive 19" and 
25 form a weak or tenuous bond to the die 12" and to 
the solder coated surface of the buffer 16". The 
assembly 60, including the substrate 14", the 
buffer 16", the adhesive 19" and the die 12", is 
heated to the firing temperature for the time 
30 required to melt the glass adhesive 19". Then, 

the assembly 60 is cooled down so that the die is 
affixed to the buffer 16". As with the die attach 
assemblies 15 and 17, die attach assembly 60 may 
be incorporated in a semiconductor package as, for 
35 example, the type illustrated in Figure 3. The 
firing of the glass adhesive may be incorporated 
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with the melting of glass used in sealing the 
semiconductor package* 

In another embodiment,, as illustrated in 
Figure 5, a die attach assembly 7 (Kinc^des a 
5 substrate 14 l,f , a solder componint^C^ * and a 
die 12"'. The die 12«" preferably has an 
oxidation resistant coating on the surface bonded 
to the solder 18 r ". The coating may be selected 
from any desirable material, such as gold or 
!0 silver. The buffer component of the earlier 
described embodiments is deleted and the 
semiconductor die 12' 1 f is-bonded to the substrate 
14 f 1 1 with only a soldet 18 y* . It is thought 
that the solder component alone, if compliant 
15 enought to withstand thermal shock testing, can 
adequate dissipate thermal stress generated from 
thermal cycling. The solder component 18' f * is 
selected from the group consisting of 
lead-indium-silver, lead-indium-silyer-tin, and 
20 mixtures thereof . — The solder is preferably a 
lead-indium-silver comprising from about 15 to 
about 95 wt. % lead, from about 1 to about 80 wt. 
% indium and the remainder essentially silver. 
More preferably, the lead-indium-silver solder 
25 comprises from about 85 to about 94 wt. % lead, 
from about 1 to about 5 wt. % indium and the 
remainder essentially silver. An important 
characteristic of the solder 18 ' ' ' is that the 
flow stress is low and able to absorb the stresses 
caused by the mismatch between the coefficients of 
thermal expansion of the die 12 frf and the 
substrate 14 f » ■ ♦ The solder layer 18 1 1 1 
preferably has a thickness of between about 
. 025 mm to .abou t- - ?ft mm (about 1 to about 15 
35 mils). A solder consisting of about 

92. 86Pb-4.76ln-2.38Ag has a flow stress of about 



WO 88/03705 



PCT/US87/02715 



-19- 

31,4 HPa (about 4,560 psi). This solder is 
particularly useful in atmospheres where gold is 
present such as a die 12 lff having a gold backing. 
The lead-indium-silver solder does not form any 
5 substantial intermetallic compounds in the 

presence of gold to reduce the thermal cycling 
capability of the structure 70 or to lower the 
cohesion of the die 12 ,,f with the substrate 
14' ' 

30 The patents and publications set forth in 

this application are each intended to be 
incorporated in their entirety by reference 
herein* 

It is apparent that there has been provided 
15 in accordance with the present invention a 

semiconductor die attach system and process of 
using the system which fully satisfies the 
objects, means and advantages set forth 
hereinabove. While the invention has been 
20 described in combination with the embodiments 
thereof, it is evident that many alternatives, 
modifications and variations will be apparent to 
those skilled in the art in light of the foregoing 
description. Accordingly, it is intended to 
25 embrace all such alternatives, modifications and 
variations as fall within the spirit and broad 
scope of the appended claims. 
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IN THE CLAIMS: 

1. A semiconductor die attach system (10) 
adapted for attaching a semiconductor die (12) to a 
substrate (14), characterized byr 
a substrate (14); 
5 a semiconductor die (12); 

a buffer component (16) disposed between and 
bonded to said substrate (14) and said 
semiconductor die tl2) for withstanding thermal 
stress generated from thermal cycling of said 
10 substrate and die; 

a layer of solder (18) bonding said buffer 
component (16) to said substrate (14) , said layer 
of solder for dissipating thermal stress generated 
from thermal cycling of said substrate and die 
15 (12) f said solder being selecte d fro m the group 

consisting of gold-silicon, ^l^-tin^ ilver^t in , 
copper- indium, silver-antimony- tin, 
lead-indium-tin, lead-* indium-silver, 
lead-indium^silver-tin and mixtures thereof; and 
20 a silver-glass adhesive (19) bonding said 

buffer component (16) to said die (12), 

2* The die attach system 110) of claim 1 
characterized in that said solder (18) is 
.lead-indium-silver, said lead- indium-silver solder 
comprising from about 15 to about 95 wt. percent 
5 lead, from about 1 to about 80 wt. percent indium 
and the remainder essentially silver. 

3. The die attach system (10) of claim 2 
characterized in that said lead- indium-silver 
solder (18) cpmprises from about 85 to about 94 wt. 
percent lead, from about 1 to about 5 wt. percent 
5 indium and the remainder essentially silver. 
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4. The die attach system (17) of claim 2 
characterized by first (20) and second (22) 
oxidation resistant layers disposed on opposite 
bonding surfaces of said buffer component (16*), 

5 said first and second oxidation resistant layers 
being selected from the group consisting of gold, 
silver, palladium, platinum and alloys thereof. 

5. The die attach system (17) of claim 4 
characterized by first (26) and second (24) barrier 
layers disposed between said first (20) and second 
(22) oxidation resistant layers, respectively, and 

5 said buffer component (16 f ), said first and second 
barrier layers being selected from the group 
consisting of nickel, cobalt and alloys thereof. 

6. The die attach system (17) of claim 5 
characterized by first (25) and second (27) 
intermediate layers to resist oxidation of said 
first (26) and second (24) barrier layers, said 

5 first and second intermediate barrier layers being 
formed of gold flashing. 

7. The die attach system (17) of claim 5 
characterized in that said substrate (14') has a 
third oxidation resistant layer (36) on the 
surface (34) adapted to have the lead-indium-silver 

5 solder (18 f ) attached thereto, said third oxidation 
resistant layer being of a material selected from 
the group consisting gold, silver, palladium, 
platinum and alloys thereof. 
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8» The die attach system (17) of claim 7 
characterized by a third barrier layer (32) between 
said third oxidation resistant layer (36) and said 
substrate (14*) , said third barrier layer being of 
5 a material selected from the group consisting of 
nickel , cobalt and alloys thereof. 

9. The die attach system (17) of claim 8 
characterized by a third intermediate layer (35) 
disposed between said third barrier layer (32) and 
said third oxidation resistant layer (36) , said 
5 third intermediate layer to resist oxidation of 
said third barrier layer , said third intermediate 
layer being formed of a gold flashing. 

10* The die attach system (17) of claim 8 
charactrized in that said buffer component (16 1 ) 
has a coefficient of thermal expansion of about 
3.5 ym/m/°C to about 10.0 pm/m/ a C (about 35 x 10~ 7 
5 to about 100 x 10" 7 in/in/°C) , said buffer 

component being constructed of a material selected 
from the group consisting of tungsten, rhenium, 
molybdenum, alloys thereof, nickel-iron alloys, 
cermets and ceramics. 

11* The die attach system (17) of claim 10 
characterized in . that said substrate (14") has a 
coefficient of thermal expansion of more than about 
14.0 pm/m/°C (about 140 x 10~ 7 in/in/°C) , said 
5 substrate being a material selected from the 

group consisting of metals, alloys r ceramics and 
cermets.. 
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12. The die attach system (10) of claim 11 
characterized by 

a cap (54); 

a lead frame (46) disposed between said 
5 substrate (14) and said cap? and 

a sealing glass (44) (50) bonding said 
lead frame to said cap and said substrate to form a 
hermetically sealed package (56). 

13. A process adapted to attach a 
semiconductor die (12) to a substrate (14) , 
characterized by: 

providing a substrate (14); 
5 providing a semiconductor die (12); 

providing a buffer component (16); 
disposing said buffer component (16) between 
said substrate (14). and said semiconductor die 
(12) for withstanding thermal stress generated from 
10 thermal cycling of said substrate and said die; 

disposing a layer of solder (18) between the 
substrate (14) and the buffer component (16) , said 
layer of solder for dissipating thermal stress 
generated from thermal cycling of said substrate 
15 and die, said solder being selected from the group 
consisting of gold-silicon, gold-tin, silver-tin, 
silver-antimony- tin, lead-indium-tin, 
copper- indium, lead-indium-silver, 
lead-indium-silver-tin and mixtures thereof; 
20 heating the buffer component (16) and the 

substrate (14) to bond the buffer component to the 
substrate; 

disposing a silver-glass adhesive (19) between 
the die (12) and said buffer component (16) bonded 
25 to the substrate component (14); and 

heating the adhesive (19), die (12) and buffer 
component (16) to melt the silver-glass adhesive 
and bond the buffer component to the die* 
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14. The process of claim 13 characterized by 
the step of selecting said lead' indium-silver 
solder , said lead-indium-silver solder. (18) 
comprising from about 15 to about 95 wt. percent 
lead, from about 1 to about 80 wt. percent indium 
and the remainder essentially silver. 

15. The process of claim 14 characterized by 
the steps of selecting said lead-indium-silver 
solder (18) from about 85 to about 94 wt. percent 
lead, from about 1 to about 5 wt. percent indium 
and the remainder essentially silver. 

16. The process of claim 14 characterized by 
the steps of: 

arranging first (20) and second (22) oxidation 
resistant layers on opposite surfaces (28) (30) of 
said buffer component (16*) , and 

selecting said first and second oxidation 
resistant layers from the group consisting of 
gold, silver, palladium, platinum and alloys 
thereof. 

17. The process of claim 16 characterized by 
the steps of; 

disposing first (26) and second (24) barrier 
layers between said first (20) and second (22) 
oxidation resistant layers, respectively, and said 
buffer component (16 r ); and 

selecting said first and second barrier layers 
from the group consisting of nickel, cobalt and 
alloys thereof. 
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18. The process of claim 17 characterized by 
the step of: 

disposing first (25) and second (27) 
intermediate layers to resist oxidation of said 
5 first (26) and second (24) barrier layers, said 

first and second intermediate barrier layers being 
formed of gold flashing. 

19. The process of claim 18 characterized by 
the step of: 

disposing a third oxidation resistant layer 
(36) on the surface (34) of said substrate (14") 
5 adapted to have the lead-indiura-silver solder 
bonded thereto, said third oxidation resistant 
layer being of a material selected from the group 
consisting gold, silver, palladium, platinum and 
alloys thereof. 

20. The process of claim 19 characterized by 
the step of providing a third barrier layer (32) 
between said substrate (14') and said third 
oxidation resistant layer (36), said third barrier 

5 layer being selected from the group consisting of 
nickel, cobalt and alloys thereof. 

21. The process of claim 20 characterized by 
the step of: 

disposing a third intermediate layer (35) 
disposed between said third barrier layer (32) and 
> said third oxidation resistant layer (36), said 
third intermediate layer to resist oxidation of 
said third barrier layer, said third intermediate 
layer being formed of a gold flashing. 
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22. The process of claim 21 characterized by 
the steps of: 

selecting said buffer component (lG r ) having a 
coefficient of thermal expansion of from about 
3.5 Pm/m/°C to about 10.0 Pn/m/ 0 c (about 35 x 10~ 7 
to about 100 x 10" 7 in/in/°C), and 

selecting said buffer component from the group 
consisting of tungsten, rhenium, molybdenum, alloys 
thereof, nickel-iron alloys, cermets and ceramics. 

23. The process of claim 22 characterized by 
the steps of* 

selecting said substrate (14') having a 
coefficient of thermal expansion of more than about 
14.0 Um/m/ d C (about 140 x 10" 7 in/in/°C) , and 

selecting said substrate from the group 
consisting of metals, alloys, ceramics and cermets. 

24. The article (17) characterized by 
production in accordance with the process of claim 
13. 

25. A semiconductor die attach system (60) 
adapted for attaching a semiconductor die (12") to 
a substrate (14"), characterized by: 

a substrate (14 1 r ) ; 

a semiconductor die (12"); 

a buffer component (16 ,r ) disposed between and 
bonded to said substrate (14 ,r ) and said 
semiconductor die (12") for withstanding thermal 
stress generated from thermal cycling of said 
substrate and die, said buffer component having a 
coating of solder (18") /said coating of solder 
for dissipating thermal stress generated from 
thermal cycling of said substrate and "said die, 
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said solder being selected from the group 
15 consisting of gold-silicon, gold-tin, silver-tin, 

silver-antimony-tin, lead-indium-tin, 

copper-indium, lead-indium-silver, 

lead-indium-silver-tin and mixtures thereof, said 

solder (18' 1 ) bonding said buffer component (16 ,f ) 
20 to said substrate (14"); and 

a silver-glass adhesive (19 1 ') bonding said 

solder coating (18 11 ) on said buffer component 

(16") and to said die (12 ,f ). 

26. The die attach system (60) of claim 25 
characterized by said solder (18")being said 
lead-indium-silver solder, said lead-indium-silver 
solder comprising from about 15 to about 95 wt. 

5 percent lead, from about 1 to about 80 wt. percent 
indium and the remainder essentially silver. 

27. The die attach system (60) of claim 26 
characterized in that said lead-indium-silver 
solder (18'') comprises from about 10 to about 90 
wt. percent lead, from about 10 to about 20 wt. 

5 percent indium and the remainder essentially 
silver. 

28. The die attach system (60) of claim 26 
characterized in that said substrate (14") has a 
third oxidation resistant layer (36") on the 
surface (34") adapted to have the 

5 lead-indium-silver solder (IS 1 *) attached thereto, 
said third oxidation resistant layer being of a 
material selected from the group consisting gold, 
silver, palladium, platinum and alloys thereof. 
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29 . The die attach system (60) of claim 28 
characterized by a third barrier layer (32") 
between said third oxidation resistant layer (36 ,f ) 
and said substrate (14 fr ), said third barrier layer 

5 being of a material selected from the group 

consisting of nickel , cobalt and alloys thereof. 

30. The die attach system (60) of claim 29 
characterized by a third intermediate layer (35 ,f ) 
disposed between said third barrier layer (32") 
and said third oxidation resistant layer {36 f, ) r 

5 said third intermediate layer to resist oxidation 
of said third barrier layer, said third 
intermediate layer being formed of a gold flashing. 

31. The die attach system (60) of claim 29 
characterized in that said buffer component (16 ,, ) 

. has a coefficient of thermal expansion of about 
3.5 um/m/^C to about 10.0 um/m/°C (to about 35 x 
5 io~ 7 to about 100 x IQ~ 7 in/in/°C), said buffer 

component being constructed of a material selected 
from the group consisting of tungsten f rhenium, 
molybdenum, alloys thereof, nickel-iron alloys, 
cermets and ceramics. 

32. The die attach system (60) of claim 31 
characterized in that said substrate (14* r ) has a 
coefficient of thermal expansion of more than about 
14-0 um/m/°C (about 140 x 10" 7 in/in/*C) , said 

5 substrate being a material selected from the 

group consisting of metals, alloys, ceramics and 
cermets. 



WO 88/03705 



PCT/US87/02715 



-29- 

33. The die attach system (60) of claim 32 
characterized by: 
a cap (54) ; 

a lead frame (46) disposed between said 
5 substrate (14) and said cap (54); and 

a sealing glass (44) (50) bonding said 
lead frame (46) to said cap (54) and said substrate 
(14) to form a hermetically sealed package (56). 
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34. A process adapted to attach a 
semiconductor die (12") to a substrate (14 ,f )/ 
characterized by the steps of: 

providing a substrate (14"); 
5 providing a semiconductor die (12"); 

providing a buffer component (16 1 ■ ) having a 
solder coating (IS 1 '}, said solder being selected 
from the group consisting of gold-silicon, 
gold-tin, silver-tin, silver-antimony-tin, 
!0 lead-indium-tin, coppper- indium, 

lead-indium-silver, lead-indium-silver-tin and 
mixtures thereof; 

disposing said buffer component (16" > on said 
substrate (14 ,, >; 
*5 heating said buffer (16") and substrate 

(14") assembly to at least the melting point of 
said solder; 

cooling said buffer (16"> and substrate 
(14") assembly to bond the buffer to the 
20 substrate; 

disposing a silver-glass adhesive (19") on 
the solder coated buffer (16 1 1 ); 

disposing said die (12 f 1 ) on said glass 
adhesive (19"); 
25 heating the assembly comprising the substrate 

(14"), buffer (16"), silver-glass adhesive (19") 
and die (12" > to drive off volatiles from the 
glass adhesive; 

heating the assembly to melt the silver-glass 
30 adhesive (19"); and 

cooling the assembly to bond the buffer (16") 
to the die (12"). 
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35. The process of claim 34 characterized by 
the step of selecting said solder (18 ,f ) of 
lead-indium-silver solder, said lead-indium-silver 
solder being from about 15 to about 95 wt. percent 
lead, from about 1 to about 80 wt. percent indium 
and the remainder essentially silver. 

36. The process of claim 35 characterizd by 
the steps of selecting said lead-indium-silver 
solder (18 ,f ) from about 10 to about 90 wt. percent 
lead, from about 10 to about 20 wt. percent indium 
and the remainder essentially silver. 

37. The process of claim 35 characterized by 
the step of providing a third oxidation resistant 
layer (36 ' ■ ) on the surface (34") of said 
substrate (14' ■) adapted to have the 
lead-indium-silver solder (18 ,f ) attached thereto, 
said third oxidation resistant layer being of a 
material selected from the group consisting gold, 
silver, palladium, platinum and alloys thereof. 

38. The process of claim 37 characterized by 
the step of providing a third barrier layer (32 ,f ) 
between said third oxidation resistant layer (36* ') 
and said substrate (14 1 said third barrier layer 
being of a material selected from the group 
consisting of nickel, cobalt and alloys thereof. 

39. The process of claim 38 characterized by 
the step of providing a third intermediate layer 
(35'') disposed between said third barrier layer 
(32 ,f ) and said third oxidation resistant layer 
(36 fl ), said third intermediate layer to resist 
oxidation of said third barrier layer, said third 
intermediate layer being formed of a gold flashing. 
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40. The process of claim 38 characterized by 
the steps of: 

selecting said buffer component (16") having 
a coefficient of thermal expansion of from about 
3.5 um/m/°C to about 10.0 um/m/°C (about 35 x 10~ 7 
to about 1Q0 x 10" 7 in/in/°C), and 

selecting said buffer component (IS 11 ) from 
the group consisting of tungsten, rhenium, 
molybdenum, alloys thereof, nickel-iron alloys, 
cermets and ceramics. 

41. The process of claim 40 characterized by 
the steps of: 

selecting said substrate (14'') having a 
coefficient of thermal expansion of more than about 
5 14.0 um/m/°C (about 140 x 10" 7 in/in/°C) , and 

selecting said substrate (14 ,r ) from the group 
consisting of metals, alloys, ceramics and cermets. 

42. The article {60} characterized by 
production in accordance with the process of claim 
34. 

43. A semiconductor die attach system (70) 
adapted for attaching a semiconductor die (12 ,,t ) 
to a substrate (14 "M, characterized by : 

a substrate (14 ,f, )y 
5 a semiconductor die (12 11 r ) ; 

a layer of solder (18"*) disposed between and 
bonded to said substrate (14* f ') and said 
semiconductor die (12 f ") . for dissipating thermal 
stress from thermal cycling of said substrate and 
3 die, said solder being selected from the group 
consisting of lead-indium-silver, 
lead- indium-silver- tin and mixtures thereof. 
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44. The die attach system (70) of claim 43 
characterized in that said layer of solder (18 r,t ) 
has a thickness of between about .025 mm to about 
.38 mm (about 1 to about 15 mils). 

45. A process adapted to attach a 
semiconductor die (12 , " ,, > to a substrate (14 ,,f ), 
characterized by the steps of: 

providing a substrate (14 ,ri ); 
5 providing a semiconductor die (12 ,,f ); 

disposing a layer of solder (18 ,,, ) between 
said substrate (14 '"J and said die (12 ,,t ) to 
dissipate thermal stress generated from thermal 
cycling of the substrate and die, said solder being 
10 selected from the group consisting of 

lead-indium-silver , lead-indium-silver-tin and 
mixtures thereof; 

heating the structure (70) comprising the 
substrate (14" f ), layer of solder (18 ,,, ) and the 
15 die (12 ,,f ) to at least the melting temperature of 
the solder; and 

cooling the structure (70) whereby the layer 
of solder (IS*") bonds the substrate (14 ,,f ) to 
the die (12' ■ ') . 

46. The process of claim 45 characterized by 
the step of providing said layer of solder (IS 11 ) 
having a thickness between about .025 mm to about 
.38 mm (about 1 to about 15 mils). 
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AMENDED CLAIMS 
[received by the International Bureau 
on 25 April 1988 (25.04.88); 
original claims 43-46 cancelled, claims 1,10,13,22,24,31, 
34 and 40 amended; other claims unchanged (11 pages)] 

1* A semiconductor die attach system (10) 
adapted for attaching a semiconductor die (12) 
to a substrate (.14), characterized by: 
' r a substrate (14) ; 

5 a semiconductor die (12) ; 

a buffer component (16) with a coefficient 
of thermal expansion of about 3,5 um/m/°C to 
about 10.0 \im/m/*C (about 35 x 10~ 7 to about 
100 x 10 W? in/in/ # C) disposed between and bonded 
10 to said substrate (14) and said semiconductor 
die (12 } for withstanding thermal stress 
generated from thermal cycling of said substrate 
and die; 

a layer of solder (18) bonding said buffer 
15 component (16) to said substrate (14) , said 

layer of solder for dissipating thermal stress 
generated from thermal cycling of said substrate 
aijd die (±2) , said solder being selected from 
the group consisting of gold-silicon, gold-tin, 
20 silver-tin, copper-indium, silver-antimony-tin, 
lead-indium-tin , lead-indium-silver, 
lead-indium-silver-tin and mixtures thereof; and 

a silver-glass adhesive (19) bonding said 
buffer component (16) to said die (12) . 

2. The die attach system (10) of claim 1 
characterized in that said solder (18) is 9 
lead-indiiim-silver, said lead- indium-silver 
solder comprising from about 15 to about 95* wt. 
^ percent lead, from about l to about 80 wt. 
percent indium and the remainder essentially 
silver. 
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3. The die attach system (10) of claim 2 
characterized in that said lead-indium-silver 
solder (18) comprises from about 85 to about 94 
wt. percent lead r from about 1 to about 5 wt. 
5 percent indium and the remainder essentially 
silver. 
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8. The die attach system (17) of claim 7 
characterized by a third barrier layer (32) 
between said third oxidation resistant layer 
(36) and said substrate (14 r ), said third 

5 barrier layer being of a material selected from 
the group consisting of nickel, cobalt and 
alloys thereof . 

9. The die attach system (17) of claim 8 
characterized by a third intermediate layer (35) 
disposed between said third barrier layer (32) 
and said third oxidation resistant layer (36) , 

5 said third intermediate layer to resist 

oxidation of said third barrier layer, said 
third intermediate layer being formed of a gold 
flashing. 

10 * The die attach system (17) of claim 8 
characterized in that said buffer component 
(16 ff ) constructed of a material selected from 
the group consisting of tungsten, rhenium 
5 molybdenum, alloys thereof, nickel-iron alloys, 
cermets and ceramics,. 

11. The die attach system (17) of claim 10 
characterized in that said substrate (14») has a 
coefficient of thermal expansion of more than 
about 14.0 um/m/*C (about 14b X 10~ 7 in/in/ *C) , 
5 said substrate being a material selected from 

the group consisting of metals, alloys, ceramics 
and cermets. 
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12. The die attach system (10) of claim 11 
characterized by 

a cap (54) ; 

a leadframe (46) disposed between said 
5 substrate (14) and said cap; and 

a sealing glass (44) (50) bonding said 
* leadframe to said cap and said substrate to form 
a hermetically sealed package (56) 

13. A process adapted to attach a 
semiconductor die (12) to a substrate (14) , 
characterized by: 

providing a substrate (14) ; 
5 providing a semiconductor die (12) said 

buffer component having a coefficient of thermal 
expansion of about 3.5 pm/m/°C to about 10.0 
ym/m/'C (about 35 x 10~ 7 to about 100 x 10" 7 
in/in/°C); 

10 providing a buffer component (16) between 

said substrate (14) and said semiconductor die 
(12) for withstanding thermal stress generated 
from thermal cycling of said substrate and said 
die; 

15 disposing a layer of solder (18) between 

the substrate (14) and the buffer component 
(16) , said layer of solder for dissipating 
thermal stress generated from thermal cycling of 
said substrate and die, said solder being 

20 selected from the group consisting of 
gold-silicon, fold-tin, silver-tin, 
s ilver-ant imony-t in , lead- indium-tin , 
copper-indium, lead-indium-silver, 
lead-indium-silver-tin and mixtures thereof; 
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25 heating the buffer component (16) and the 

substrate (14) to bond the buffer component to 
the substrate; 

disposing a silver-glass adhesive (19) 
between the die (12) and said buffer component 

30 (16) bonded to the substrate component (14) y and 
heating the adhesive (19), die (12) and 
buffer component (16) to melt the silver-glass 
adfiesive and bond the buffer component to the 
die. 



WO 88/03705 



39 



PCT/US87/02715 



22. The process of claim 21 characterized 
by the step of selecting said buffer component 
(16 * ) from the group consisting of tungsten, 
rhenium, molybdenum, alloys thereof, nickel-iron 

5 alloys, cermets and ceramics, 

23. The process claim 22 characterized by 
the steps of: 

selecting said substrate (14') having a 
coefficient of thermal expansion of more than 
5 about 14.0 pm/m/°C (about 140 x 10" 7 in/in/°C), 
and 

selecting said substrate from the group 
consisting of metals, alloys, ceramics and 
cermets • 

24. The articles (17) characterized by 
production in accordance with the process of 
claim 13. 

25. A semiconductor die attach system (60) 
adapted for attaching a semiconductor die (12 IV ) 
to a substrate (14 11 ), characterized by: 

a substrate (14 • 1 ) ; 

- a semiconductor die (12 1 1 ) ; 

a buffer component (16 lf ) having a 
coefficient of thermal expansion of about 3.5 
ym/m/ # C to about 10.0 ym/m/°C (about 35 x 10~ 7 
to about 100 x 10~ 7 in/in/*C) disposed between 

} and bonded to said substrate (14 v> ) and said 
semiconductor die (12 ,f ) for withstanding 
thermal stress generated from thermal cycling of 
said substrate and die, said buffer component 
having a coating of solder (18' •) , said coating 
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X 5 of solder for dissipating thermal stress 

generated from thermal cycling of said substrate 
and said die, 
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29. The die attach system (60) of claim 28 
characterized by a third barrier layer (32 1 *) 
between said third oxidation resistant layer 

(3 6") and said substrate (14 1 '), said third 
5 barrier layer being of a material selected from 
the group consisting of nickel, cobalt and 
alloys thereof. 

30. The die attach system (60) of claim 29 
characterized by a third intermediate layer 
(35 fl ) disposed between said third barrier layer 
(32 ,f ) and said third oxidation resistant layer 

5 (36 11 ), said third intermediate layer to resist 
oxidation of said third barrier layer, said 
third intermediate layer being formed of a gold 
flashing. 

31. The die attach system (60) of claim 29 
characterized in that said buffer component 
(16 ,f ) is constructed of a material selected 
from the group consisting of tungsten, rhenium, 

5 molybdenum, alloys thereof, nickel-iron alloys 
cermets and ceramics. 

32. The die attach system (60) of claim 31 
characterized in that said substrate (14 vv ) has 
a~ coefficient of thermal expansion of more than 
about 14.0 Mm/m/°C (about 140 x 10~ 7 in/in/ w C) , 

- said substrate being a material selected from 
the group consisting of metals, alloys ceramics 
and cermets. 
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34- A process adapted to attach a 
semiconductor die (12") to a substrate (14"), 
characterized by the steps of: 

providing a substrate (14 1 ») ; 
5 providing a semiconductor die (12 1 ■) ; 

providing a buffer component (16 ■ • ) said 
buffer component having a coefficient of thermal 
expansion of about 3.5 ym/m/°C to about 10.0 
um/m/°C (about 35 x 10~ 7 to about 100 x 10" 7 
10 in/in/ a C) and said buffer component further 
having a solder coating (18' r ), said solder 
being selected from the* group consisting of 
gold-silicon, gold-tin, silver-tin, 
silver-antimony-tin, lead-indium-tin, 
15 copper-indium, lead-indium-silver, 

lead-indium-silver-tin and" mixtures thereof; 

disposing said .buff er component (16 rr ) on 
said substrate (14"); 

heating said buffer (16") and substrate 
20 (14 ■ *) assembly to at least the melting point of 
the solder; 

cooling said buffer (16") and substrate 
(14") assembly to bond the buffer to the 
substrate; 

25 disposing a silver-glass adhesive (19") on 

the solder coated buffer (16") ; 

disposing said die (12") on said glass 
adhesive (19" ); 

heating the assembly comprising the 
30 substrate (14"), buffer (16"), silver-glass 
adhesive (19") and die (12") to drive off 
volatiles from the glass adhesive; 

heating the assembly to melt the 
silver-glass adhesive (19"); and 
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35 cooling the assembly to bond the buffer 

(16 » ») to the die (12* •) . 
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40. The process, of claim 38 characterized 
by the step of selecting said buffer component 
(16 ,T ) from the group consisting of tungsten , 
rhenium, molybdenum, alloys thereof, nickel-iron 

5 alloys, cermets and ceramics. 

41. The process of claim 40 characterized 
by the steps of: 

- selecting said substrate (14 ,f ) having a 
coefficient of thermal expansion of more than 
5 about 14.0 um/m/°C (about 140 x 10~ 7 ) , and 

selecting said substrate (14") from the 
group consisting of metals, alloys ceramics and 
cermets. 

42. The article (60) characterized by 
production in accordance with the process of 
claim 34. 
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The claims 

have been amended to limit the buffer component to materials having a 
coefficient of thermal expansion between from about 3,5 ym/m/ - C and 
about 10.0 ym/m/*C. Support for this amendment may be found in 
Applicant's Specification at Page 8, lines 32 - 35. This amendment 
will distinguish the buffer component from citations to a die attach 
pad which is a part of a leadframe where the leadframe is copper or a 
copper base alloy. It is believed this amendment distinguishes 
amended independent Claims 1, 13, 25 and 34 from the Butt citations 
(U.S. Patent No. 4,594,770 at Column 3, line 19 and U.S. Patent No. 
4,656,499 at Column 5, line 46). 

Claims 43 - 46 have been canceled. These claims were directed 
to use of a soft compliant solder without disposing a buffer 
component between the substrate and semiconductor device. 
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